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Plasma Amino Acid Responses
After Consumption of Beverages

With Varying Protein Type

Tracey J. Smith, Scott J. Montain, Danielle Anderson,
and Andrew J. Young

Purpose: To examine how different proteins in a carbohydrate-protein beverage affect

postprandial amino acid (AA). glucose. and insulin responses, Mel1lOds: Two random­
ized. repeated-measures experiments were performed. In one. 10 volunleers drank 3
earbohydrale-protein beverages (380 kca!' 76 g carbohydrate. 19 g protein. 2 g fat) in
separale (>7 days) trials. each differing in protein type. AI! drinks consisted of cocoa
(4 g) and nonfal dry milk (I g) supplemented with casein (CAS). whey (WP). or a
casein and whey blend (CAS-WP). Ten additional vulunteers consumed the same
drinks after 60 min of varying-intem;ity exercise (60% and 85% V02p<U)' Blood glu­
cose. insulin. glucose-dependent insulinolTOphic polypeptide (GIP). and AAs were
measured every 15-30 min for 4 hr after beverage L'Onsumplion. Remits: BranchL"d­
chain AA concentrations peaked at 30 min and did not differ between beverages al rest
(0.69 j: 0.12 mmollL) or postexercise (0.70 ± 0.07 mmollL). There were nu significant
differences between beverages wilh respect to initial (time 0-60) or total area under the
curve (time Q-.240) for any oulcome measures at rest or postexercise. Conc/llSion:

High-<:arbohydrale beverages containing various proponions of milk prOleins procured
from a supplier to the commercial industry had no impact on AA concemration. Retro­
spective chemical analysis of commercial proteins showed thai casein was partially
hydrolyzed: therefore. consumers should carefully consider the manufacturer (to
ensure that the proouct contains imact protein) or other fattors (i.e.. cost or laste) when
procuring these beverages for their purported physiological effects.

Keywords: milk protein. exercise. carbohydrate supplements

Consuming a carbohydrate- and protein-rich meal after aerobic exercise facili­
tates protein synthesis and attenuates proteolysis (Tipton & Wolfe. 1998); hence.
postexercise "recovery" beverages have become popular. Evidence suggests that
consuming different types of protein elicits subsequent changes in plasma amino
acids (AA) and net protein turnover (Boirie et al.. 1997; Dangin. Boirie. Guillet. &
Beaufrcre, 2002). bUI it remains unclear whether these differences persist when

Smith. Momain. and Young arc wilh the Mililary Nutrition Division, U.S. Army Research Institute of
Environmemal Medicine. Nalick. MA. Anderson is with Natick Soldier Researeh, Develupment and
Engineering Center. Natick. MA.



2 Smith at aL

different proteins are incorporated into carbohydrate-protein beverages, More­
over, it is unclear whether a carbohydrate beverage containing a blend of isolated
milk proteins (i.e., casein and whey) in a combination similar to milk can repro­
duce the unique AA-absorption pattern of milk.

Postprandial AA and hormone responses arc modulated by the digestion rate
of milk proteins, which differs depending on the physical state of the protein (i,e..
intact vs. hydrolyzed). When intact casein (which is released slowly from the
stomach) and whey (which is emptied rapidly from the stomach) arc compared,
whey produces a fasler, transient increase in plasma AA concentration, whereas
casein results in a slower but more prolonged increase in plasma AA concentra­
tions (Boilie et aI., 1997; Dangin et aI., 2(01). When casein's chain length is
shonened by hydrolyzation. however. the casein peptides are digested more
quickly, whieh produces a rapid postprandial AA response similar to the AA pro­
file elicited by whey and enhances insulin secretion (Calbet & MacLean, 2oo2;
Dangin et al., 2ool; Silk et al., 1979; van Loon, Saris, Verhagen, & Wagenmakers,
2{x)(). Milk. which is composed of 80% casein and 20% whey. produces a plasma
AA profile that captures the rapid but transient response allributable to whey pro­
tein, as well as the more sustained increase associated with intact casein (Lacroix
et a1.. 2006; Nilsson, Stenberg, Frid, Holst. & 8jorck. 2(04).

The different AA responses elicited after consuming casein or whey proteins,
alone or in combination, alter protein synthesis and protein breakdown (80S et al..
1999; Dangin et a1.. 2002). Protein synthesis is stimulated more (68%) after con­
suming whey than intact casein. Consuming intact casein. however, markedly
decreases protein breakdown (-30%) compared with whey (Dangin et al.. 2002).
Although whey protein is efficient at stimulating protein synthesis, it is oxidized
more quickly than casein. Thus. a meal of intact casein (a "slow" protein) resulls
in a more prolonged net leucine balance than consuming whey (a "fast" protein)
when administered at rest (Dangin et aI., 2002). The combination of casein and
whey seems optimal, because milk's net postprandial protein utilization is higher
than that of casein or whey protein alone (80S et a1.).

Consuming carbohydrate with protein slows protein digestion and absorption
as a result of delayed gnstrie emptying (Fouillet et a1.. 2oot; Gaudichon et a1..
1999; Marioni. Mahe, Luengo, 8enamouzig, & Tome. 2(00) and attenuates the
AA response compared with consumption of protein alone (Dangin et a1.. 2(02).
The unique plasma AA profile attributable to protein type is maintained, however,
when the carbohydrate-to-protein ratio is less than 2: I (Dangin et al., 2001,2002:
Lacroix et aI., 2006; Nilsson et aI., 2(04). Postexercise recovery supplements or
high-carbohydrate meal replacements typically have a carbohydrate-to-protein
ratio of approximately 4: I; however, it is not known if the additional carbohy­
drates relative to protein interfere with the digestion and plasma AA response
attributable to whey and casein after consumption.

The AA and hormonal responses produced by ingesting varying proportions
of milk proteins have been studied in people at rest but not during postexercise
recovery. It is well known that the stimulus of exercise changes the AA and hor­
monal milieu compared with resting conditions (Rennie & Tipton. 2000). There is
some evidence that ingesting casein and whey protein after resistance exercise
stimulates net muscle protein balance to a similar degree. despite differing AA
blood profiles and insulin responses (Tipton et aI., 2004). Whether the same is true
after aerobic exercise has not been investigated. It is evident that the timing of
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nutrient ingestion in the postexercise period affects muscle glycogen stores; that
is. postexercise muscle glycogen resynthesis is enhanced when carbohydrates are
ingested within the first hour and slowed if carbohydrate intake is either inade­
quate or delayed (Ivy, Katz, Cutler. Sherman, & Coyle, 1988). Thus, the absorp­
tion and utilization of a carbohydrate-protein beverage. with varying milk pro­
teins. might be different if consumed at rest or at different times during recovery
from exercise.

The primary purpose of this study was to investigate the insulinogenie and
AA responses after ingestion of chocolme-flavored carbohydrate beverages (75 g
carbohydrates in a 4: I carbohydrate-w-protein ratio) containing differing propor­
tions of casein and whey protein procured from a supplier to the commercial
industry. The study was separated into two experiments: In one, beverages were
ingested at rest; in the other, beverages were consumed immediately after a 6O-min
treadmill exercise bout. In each experiment, we compared the responses produced
by beverages containing a blend of casein and whey protein (CAS-WP) with those
produced by beverages matched for total energy. protein, carbohydrate. and fat but
containing either predominantly casein (CAS) or whey protein (WP). We hypoth­
esized that WP would produce a faster. transient increase in plasmaAA concentra­
tion (than CAS and CAS-WP), and CAS would produce a lower. more prolonged
increase in plasma AA concentration (than WP and CAS- WP). In regard w hor­
monal response. we hypothesized that WP would stimulate a higher response of
insulin and glucose-dependent insulinotrophic polypeptide (GIP) than would
CAS. Finally, we hypothesized that CAS-WP would demonstrate a modified AA
and hormonal response similar w milk, independent of exercise.

Methods

Participants

Twenty healthy men gave informed. written consent to participate in this investi­
gation after receiving an oral and written explanation of all study procedures and
risks. The protocol for this research was reviewed and approved by institutional
scientific and human subjects committees. All volunteers were medically cleared
for participation in accordance with the U.S. Army Research Institute of Environ­
mental Medicine's guidelines for human usc. Volunteers who had hud u recent
weight gain or loss (>2.3 kg [5 IbD in the past month. had an allergy 10 milk pro­
teins, or had a disease or took medication known to affect energy metabolism.
appetite, or physical exertion were excluded from study participation.

Experimental Design

Two randomized. double-blind, repeated-measures experiments were performed.
In Experiment I, 10 volunteers drank a carbohydrate-protein beverage in three
separate trials (separated by at least 7 days); each trial employed beverages with
varying amounts of casein and whey. Subsequently, volunteers (II = 10) in Experi­
ment 2 consumed the same beverages after 60 min of treadmill exercise alternat­
ing between 60% (10 min) and 80% (5 min) V02pc"'" Outcome measures included
body weight and blood levels of glucose, insulin, GIP, and AAs. Figure 1 depicts
the specific activities carried out on each test day.
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Anthropometries

Height was measured at baseline, and body wcight wa~ measured at baseline and
on the morning of each test day using a calibrated electronic battery-powered
scale accurate to 0.1 kg.

Dietary Instruction

Before the study began, registered dietitians provided education on study dietary
guidelines: (a) Maintain a consistent protein intake during the course of the study
to stabilize hepatic enzymcs, (b) refrain from all food and beverages (except
watcr) after 10 p.m. the cvening before each test session. and (c) ensure that
macronutricnt content of the evening meal (i.e.. the last meal before testing) was
consistent between all three test sessions. Compliance with these guidelines was
documented on the morning of each test session via a 24-hr food recall.

Graded Exercise Test

For volunteers participating in the postexercise trial, peak oxygen uptake (V02pc.iJ
was dctcrmined by analysis of expired gases during treadmill exercise using indi­
rect open-circuit spirometry (True Max 2400, Parvomedics, Sandy. UT). The
exercise protocol was progressive in intensity, continuous in nature. and per­
formed in a temperate (-20 <lC) environmenl.lnitially, volunteers ran for 4 min at
6.5 mph and 0% grade. after which the grade was increased 2% evcry 2 min until
the volunteer reached subjective volitional exhaustion and signaled 10 stop the
treadmill.

Dietary Intervention

Beverages were packaged in powder form and reconstituted with -16 f1 oz of
water before ingestion. All beverages contained cocoa powder (4 g protein) and
nonfat dry milk (1.5 g protein). Three protein powders (Fonterra, New 7..caland)
were used to fonnulate the carbohydrate-protein beverages. WP was mnde with
Alacen 895, CAS was made with Alanatc 391. and CAS-WP was made with a
combination of Alapro 4850 and Alanate 391. Whey and casein, respectively. con­
tributed the following percentages to total protein content: 70% and 9% (WP), 2%
and 77% (CAS). and 13% and 66% (CAS-WP). Percentages of intact protein in
WP, CAS. and CAS-WP, as determined by gel electrophoresis post hoc, were
94%,57%, and 66%, respectively. Nutritional infonnation (Table I) and AA com­
position (Table 2) of the beverages were determined using computeri7,ed nutrient
analysis (ESHA Genesis, Salem. OR) and information provided by the manufac­
turer (Fontcrra. New Zealand).

Blood Sampling and Biochemical Analyses

An indwelling catheter was placed in the volunteer's forearm or antecubital space
on arrival at the testing site. Baseline blood samples were taken after placement of
the catheters (not more than 15 min before the initiation of the tesling phase) and
at various time points as indicated in Figure I. mood for serum was allowed to



Table 1 Nutritional Information per Serving Size (448 g116 fl oz)

Nutrient Amount

kcal
Calories from fal
Calories from saturated fat
Protein
Total earbohydT;ltes

dietary fiber
soluble fiber
total sugar

lactose
sucrose

other carbohydrates (maltodextrin. cocoa powder)
Total fat

saturated Fat
cholesterol

Water

360
21
2.0
19,
76,
5.7 g
0.4 g
50g
5,
45,
19 g
2,
0.2 g
8.7 mg
44,

Table 2 Amino Acid Profile of Supplements (448 g116 fl oz)
From Manufacturer's Information

Casein and whey Whey Casein

Essential amino acids

isoleucine 0.57 0,73 0,56

leucine 1.07 1.66 0,98

lysine 0.92 1.32 0.91

methionine 0.31 0.28 OJI
phenylalanine 0.58 0.46 0.61

threonine 0.49 0.60 0.52

tryptophan 0.18 0.29 0.13

valine 0.69 0.64 0.68

Nonessential amino acids

histidine 0.33 0.24 0.32

alanine 0.33 0.61 0.30

arginine 0.42 0.36 0.44

aspartic acid 0.80 1,45 0.76

cysteine 0.07 0.46 006
glutamic acid 2.41 2,07 242

glycine 0.18 0.18 0.17

proline 1.10 0,51 1.13

serine 0.56 0.50 0.59

tyrosine 0.61 0.51 0.63

Total (g)' 11.62 12.87 11.53

Nore. Additional protein (5,5 g) was al,o contributed by the cocoa powder and nonfat dry milk.
'Additional protein contributed by amino aeids that wert: nOI provided by the manufacturer,

6



Plasma Amino Acids 7

coagulate for 30 min before being centrifuged for 10 min at 3,600 rpm. Resulting
plasma and serum were frozen at -20 cC until analysis was perfonned at Penning­
ton Biomedical Research Center (Baton Rouge. LA).

Plasma glucose concentrations were determined using Synchron CX?
(Beckman-Coulter. Brea, CA) using a glucose oxidase electrode. Plasma insulin
concentrations were determined using immunoassays with fluorescence detection
on an Immulite 2000 (OPe. Los Angeles, CA). Plasma nonesterified fatty~ucid

and glycerol concentrations were determined using a Synchron CX5 (Beckman­
Coulter) with enzymatic reaction with colorimetric detection. Plasma GIP con­
centrations were analyzed with enzyme-linked immunosorbent assay. High­
performance liquid chromatography (Agilent. Santa Clara. CAl was used to
analyze plasma concentrations of threonine. serine. glutamine. proline. glycine,
alanine, valine. isoleucine. leucine. tyrosine, phenylalanine. lysine, histidine, and
arginine (Terrlink. van Leeuwen. & Houdijk, 1994).

Calculations

Area under the eurve (AVC) was calculated individually for each volunteer's three
trials (i.e., three test drinks) for the following outcome measures: AAs, GIP, glu­
cose, and insulin. Briefly. AVC with respect to ground (AVCc; Matthews, Altman,
Campbell. & RoyslOn. 1990; Pruessner. Kirschbaum, Meinlschrnid, & Hellham­
mer. 2003) represents the lOt'll AVe for all measurements with consideration for
the time difference between measurements (r,,) and their distance from zero. In
this equation. III" represents the individual measurement and /I equals the IOtal
number of measurements.

II-I ( .)
e L mc+t +/111 'c·

r\U~"" = -.. ,
If I -

lnsulinogenic index, versus insulin alone, was used 10 distinguish between
glucose-mediated insulin response and other possible insulin stimulators present
in the beverages (Nilsson et al.. 2(X}4). In this equation, the AVCc for insulin and
glucose is calculated from time 0-30 min.

insulin AUCG(TO-30)

glucose AUC(;(TO 30)

Statistics

Data from the rest and exercise trials were analyzed separately using SPSS statis­
tical software (v. 15.0. Chicago). The Shapiro-Wilk test was used 10 examine
normality of each variable. One-way repeated-measures analysis of variance was
used to compare beverages in tenns of the following outcome measures: energy
and macronutrient intake before study days; calculuted AUCs for AAs. glucose,
insulin, and GIP; and insuJinogenic index. Two-way repeated-measures analysis
of variance was used to analyze drink-by-time differences between beverages in
regard 10 blood concemrations of AA. glucose, insulin, and GIP-that is. lime
(min) 10 peak concentration and peak concentmtions. Epsilon, using the
Greenhouse-Geiser correction (when epsilon < .75) or Huynh-Feldt correction (if
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Greenhouse-Geiser epsilon> .75), was used to adjust the degrees of freedom if
Mauchly's test of sphericity significantly deviated from the assumption of sphe­
ricity. If a significant F ratio was observed for a main effect, post hoc comparisons
were made using Tukcy's honestly significant difference. Results are presented as
M ± SO. Statistical significance was set a priori at p < .05.

Results

Demographics

Baseline volunteer characteristics for rest (n '" 10) and postexercise (n '" 10) are
presented in Table 3. Volunteers remained weight stable between the three bever­
age trials.

Diet Characteristics

Characteristics of dietary intake I day before each test day are presented in Table
4. Diet characteristics and duration of the overnight fast (10.2 ± 0.8 hr) did not
significantly differ between the three beverage trials.

Table 3 Descriptive Statistics

M SO

Rest
heigh! (in.) 70 J

weigh! (kg) 73 4

age (years) 22 J

Postexercise

heigh! (in.) 69 J

weigh! (kg) 75 4

age (years) 2J J

Y02p'al (ml ,kg-I. mini) 51 J

Table 4 Diet Characteristics the Day Before Testing

Rest Postexercise

M SO M SO

Energy (kcal) 2,663 512 2.545 827
Protein (g) 120 24 113 33
Protein (glkg) J.7 OA 1.5 0.5

CarbohydrJ.le (g) 290 102 3J5 115
Fal(g) 117 24 97 48
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Glucose, Insulin, and GIP

Figures 2 and 3 present the postprandial responses for glucose. insulin, and GIP at
rest and postexercise. Glucose. insulin. and GIP increased (p < .001) after inges­
tion of WI>, CAS. and CAS-WP, at rest and postexercise. There was no significant
beverage or beverage-by-time interaction for any outcome measure, however.
regardless of whether the beverage was consumed at rest or postexercise.

At rest and postexercise. glucose reached peak concentration 15 min after
beverage consumption, independent of beverage type. At rest, WP. CAS. and
CAS- WP baseline glucose concentrations, with percent increase to peak in paren­
theses. were 86 ± 7 (44% ± 23%). 90 ± 7 (74% ± 36%). and 88 ± 4 mgldl (77% ±
36%), respectively. Postexercise WP. CAS. and CAS-WP baseline glucose con­
centrations (with percent increase to peak) were 90 ± 6 (64% ± 38%). 87 ± 8 (67%
± 53%), and 87 ± 10 mgldl (69% ± 34%). respectively.

At rest. insulin reached peak concentration in response to WP and CAS 15
min after beverage consumption. and 10 CAS-WP, 30 min after beverage con­
sumption. Postexercise, insulin reached peak concentration in response to all bev­
erages 15 min after beverage consumption. At rest, WP, CAS. and CAS-WI' base­
line insulin concentrations, with peak concentration in parentheses, were 2 ± 2
(45"1" ± 34%), 4 ± 3 (50% ± 32%). and 3 ± 3 mg/dl (79% ± 37%). respectively.
Postexercise, WP. CAS, and CAs-wr baseline insulin concentrations, with peak
concentration in parentheses. were 6 ± 3 (44% ± 20%), 6 ± 2 (60% ± 33%). and 7
± 3 uUlml (48% ± 34%). respectively.

At rest. GIP reached peak concentration in response to all beverages 15 min
ilfter beverage consumption. At rest. wr. CAS. and CAS-WP baseline GIP concen­
trations. with peak concentration in parentheses. were 32 ± 13 (207% ± 106%).41
± 13 (211% ± 100%), and 35 ± 13 pglml (179% ± 74%), respectively. Postexercise.
GIP reached peak concentration in response to CAS, wr. and CAS-WI' 15. 30. and
45 min, respectively, after consuming the beverages. Postexercise, WP. CAS, and
CAS-WP baseline GIP concentrations. with peak concentration in parentheses.
were 40 ± 22 (246% ± 87%), 5 J ± 35 (237% ± 80%), and 67 ± 63 pglrnl (294% ±
90%), respectively. Although time to peak was different among beverages postex­
ercise, there were no significant differences between AVCs (p > ,05).

Insulinogenic Index

Results indicated that there was no significant beverage-by-time interaction at
early time points (i.e., within the first 30 min after consuming the beverages) at
rest or postexercise for this outcome. The insulinogenic indexes for WP. CAS. and
CAS- WP at rest were 0.02 ± 0.01. 0.03 ± 0.02, and 0.03 ± 0.01, respectively. and
postexercise were DAD ± 0.14. 0.47 ± 0.14. and 0.42 ± 0.19. respectively.

AA Response

rigures 4 and 5 present the postprandial responses al rest and postexercise for
total AA (TAA) concentration (i.e., alanine. arginine. glutamine, glycine, histi­
dine, isoleucine. leucine. lysine, phenylalanine, serine, threonine. tyrosine, and
valine), branched-chain AA (BCAA) concentration (i.e .. valine, leucine, and iso­
leucine), and gluconeogenic AA (GAA) concentration (i.e., alanine, glutamine,
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glycine, serine, and threonine), as well as AUCc from 0 to 240 min (Figures 4 and
5 inset), At rest and postexercise, BCAA peaked 30 min after beverage consump­
tion for WP, CAS, and CAS- WP (rest: 0.68 ± 0.14, 0.69 ± 0.11. and 0.69 ± 0.11
mmol/L. respectively; postexercise: 0.67 ± .03, 0.74 ± 0.08, and 0.68 ± 0.09
mmol/L, respectively). This corresponded to 40% ± 20%, 44% ± 25%, and 53%
± 21 % increases from baseline at rest. respectively, and 60% ± 33%, 53% ± 25%,
and 47% ± 18% increases from baseline postexercise. respectively. TAA. BCAA,
and GAA increased (p < .001) after ingeslion of WP, CAS. and CAS- WP both al
rest and postexercise. Post hoc testing revealed, however. that there was no signifi­
cant beverage-by-time interaction for TAA. BCAA. or GAA AUCG 0--60 min or
Q-.240 min after beverage ingestion, regardless of whether the beverage was con­
sumed at rest or postexercise.

Discussion
The primary purpose of this study was to determine whether incorporating differ­
ent protein types into high-carbohydrate beverages, similar to those available to
consumers. affects plasma AA profiles and hormonal responses and whether a
blend of casein and whey, in a combination similar to milk, would reproduce the
unique AA-absorption pattern of milk. To account for possible interaction with
aerobic exercise, we tested the beverages at rest and during recovery from exer­
cise. We hypothesized Ihat we would observe a different AA profile in response to
WP and CAS-that is. a faster, transient increase after consuming WP and a lower.
more prolonged increase after consuming CAS-as a result of slower digestion of
casein (Boirie et al .. 1997; Dangin et al., 2001). In terms of hormonal response.
we anticipated that WP would elicit a higher insulin and GIP response than CAS
us demonstrated by Nilsson et al. (2004). In addition. we expected Ihat CAS-WP
would demonstrate a modified response, similar 10 milk, independent of exercise.
Instead, we found no difference among carbohydrate-protein beverages in time
course, time to peak concentration. or AUC for AA response, as well as similar
insulin and insulinogenic index responses. These findings suggest that there were
no differences in digestion and absorption between drinks, despite different milk­
protein profiles. Possible explanations for the absence of any differences might be
related to the physical state of the protein (i.e., partial hydrolysis) in CAS and
CAS- WP. proportion of milk proteins within CAS and CAS-WP. or the amount of
carbohydrate in the beverages.

Post hoc chemical analysis of the drink powders was conducted to detenninc
whether partial hydrolysis of casein could have confounded the experiment. The
analysis revealed that most of the protein in CAS and CAS-WP was intact (57%
and 66%, respectively), but a significant portion (43% and 34%, respeetively) was
hydrolyzed. If we make a conservative assumption that all the hydrolysis in CAS
is attributable to casein, then 56% of the casein in CAS was hydrolyzed and 44%
was intact. If these estimated values are applied to the other beverages, the result­
ing predicted values of hydrolyzed protein content are comparable to the mea­
sured values of hydrolyzed protein content derived via chemical analysis (WP
predicted =4%, WP observed =6%; CAS-WP predicted = 38%, CAS-WP
observed = 34%). Dangin et a!. (2001) and Silk et a1. (1979) demonstrated that
free AAs mimicking casein's AA profile are digested quickly and produce a
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plasma AA response similar to thm of whey prOlein. and Calbet and Holst (2004)
reponed that casein hydrolysatcs (vs. fully intact casein) produce more rapid insu­
lin and AA responses. This is consistent with our results. in that our casein­
containing beverages behaved similarly to WP at both initial and laner time points,
and we observed higher peak BCAA concentration for CAS than previous research
investigating intact casein (Lacroix et a1.. 2006; Nilsson et al., 2(04). Because we
did not observe any differences between the beverages in regard to AA (during
either resting or postexercise condition) and hormonal response (i.e .. during rest­
ing conditions), it would appear that Ihe presumed partial hydrolysis of casein in
our lest beverages was enough to accelerate digcstion and absorption and thcreby
produce drinks wilh similar physiological effecls.

To address our experimental question. we dcveloped a chocolate bevcrage
similar to Ihose available in the marketplace. using cocoa fXlwder as the main na­
voring ingredient, and manipulated Ihe mtio of C:lsein and whey. We acknowledge
that there is some casein in WP and some whey in CAS, which reduces the profXlr­
tion of protein contributed by whey protein in WP and casein in CAS. Because
milk (80% casein) is distinguishable from a beverage wilh 100% whey protcin
<Lacroix et al., 2006: Nilsson et al., 2(04), however. it stands to reason that the
amount ofcascin in CAS (77%) should have been enough to distinguish it from the
beverage containing 70% whey protein (WP). Furthermore, because our honnonal
and AA responses to WP are similar to those reponed in the literature (Lacroix et
aL: Nilsson. Holst, & Bjorck. 2007), it does not appear as though the amount of
casein in WP (2%) slowed digestion. Finally, the addition of cocoa fXlwder to CAS
might have accelerated digestion of this be\'emge. causing an AA response more
similar to WP and making it harder 10 distinguish CAS from WP. There is evidence
suggesting that cocoa fXlwder stimulates a postprandial insulin response (Brand­
Miller, Holt, de Jong, & Petocz, 2003), which in tum is strongly correlated to
postprandial aminoacidemia (van Loon et a!.. 2000). Cocoa powder alone. how­
ever, is unlikely to be the primary faclOr affecting our inability to detect differences
between CAS and WP. because only a rehltively small amount of the protein con­
tent in CAS was contributed by cocoa powder (approximately one fifth).

It has been suggested that ingesting carbohydrale with protein al!enuates the
AA response compared with consuming protein alone (Dangin el aI., 2002).
Although we reponed a lower peak leucine response to WP (2.4 mmollL) than did
Boirie et a1. (1997) and Dangin et al. (2001), who fed protein only (3.5 and 4.0
mmollL. respectively), AA responses to WP in Ihis study are similar to those of
others who fed carbohydrates with protein (Lacroix et aI., 2006: Nilsson et al..
2(07). r"Or example, peak BCAA response to WP in this study was similar to that
reponed by Lacroix el al. (0.70 vs. 0.78 mmollL. respectively), who fed carbohy­
drates (35 g) and whey protein (23 g) in a 1.5: I ratio. Funhermore. peak leucine
response to WP in this study was higher than that reponed by Nilsson et al. (2007:
0.24 vs. 0.15 mmoVL. respectively), who fcd carbohydrales (25 g) and whey pro­
tein (18 g) in a 1.4: I ratio. Therefore. it docs not appear lhat adding more carbo­
hydmte to the bevcrages funher blunted the AA response. Morcover, the addi­
tional carbohydrate seems unlikely to have interfered with the ability 10 detect
differences between beverage formuhuions.

Although the GIP response was consistent between bevemges at rest. we
detected differences in time to peak between the beverages when they were
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consumed during recovery from exercise. The differences in time 10 peak did not.
however, affect the AVes-no significant differences between beverages were
identified. Although there was no significant beverage-by-time interaction at early
time points, the insulinogenic index values during recovery from exercise suggest
that insulin response postexercise was driven by factors other than glucose and
reveal a unique difference between resting and postexercise. The variable time 10
peak GIP response afterexen;ise confirms the importance of comparing beverages
under resting and postexercise conditions if beverage formulations or foods arc
designed 10 be consumed at rest and during postexercise recovery.

We aimed to test how varying contents of casein and whey in carbohydrate­
protein beverages affected aminoacidemia and insulinemia. We propose that we
observed little differenl;e in these variables because of the partially hydrolyzed
nature of the l;asein protein we obtained for the experiment. Our results have prac­
tical implications for consumers who purchase these beverages for use at rest or
during recovery from exercise. Because our protein sources were purchased from
a major supplier to the commercial industry, it is probable that manufacturers of
these types of beverages purchase their protein powder from the same source (or
another supplier that is unaware that its protein powder is partially hydrolyzed).
Therefore, consumers should be aware that these products might not contain the
specific protein sources being advertised.

Acknowledgment

The authors would like to thank Dr. Jennifer Rood and staff at Pennington Biomedical
Research Center (Baton Rouge. LA) for biochemical analysis of blood pammeters and Dr.
Keith Oberle and staff at Kendrick Laboratories (Madison. WI) for biochemical analysis of
the protein in the beverages. Disclaimer: The opinions or assertions contained herein are
the privale views of the authors and are not to be construed as official or reflecting the
views of the Army or the Department of Defense. Any citations ofcommercial organizations
and trnde names in this rcport do not comtitute an official Department of the Anny
endorsement of approval of the products or services of these organizations.

References

Boirie. Y., Dangin. M.. Gachon. P., Vasson. M.P" Maulxlis, J.L., & Bcaufrere. B. (\997).
Slow and fast dietary proteins differently modulate postprnndial protein accretion.
Proceedings of the NatiO/wl Academy of Sciences of the United States of America,
94. 14930-14935.

Bos. C. Mahe. S., Gaudichon. C. Bcnamouzig. R.. Gausseres. N., Luengo. C. et a!.
(1999). Assessment of net postprandial protein utilization of 15N·labclled milk nitro­
gen in human subjccts. The British Journal ofNu/n·/ion. 8/. 221-226.

Brnnd-Miller. J.. Holt. S.H .. de Jong. V., & Pelocz. P. (2003). Cocoa powder increases
postprandial insulinemia in lean young adults. The JOllmal of Nulri/ioll. /33.
3149-3152.

Calbet. J.A .. & Holst. J.J. (2004). Gastric emptying. gastric secretion and enterogastrone
response after administration of milk proteins or their peptide hydrolysales in humans.
European Journal ofNu/rition. 43. 127-139.

Calbet. J.A .. & MacLean, D.A. (2002). Plasma glucagon and insulin responses depend on
the rate of appearance of amino acids after ingestion of different protein solutions in
humans. The Journal of Nutrition. /32. 2174-21 S2.



Plasma Amino Acids 17

Dangin. M.. Boirie. Y.. Garcia-Rodenas. C.. Gachon. P., Fauquunl. J., Callier. P.. et al.
(200 I), The digestion rate of protein is an independent regulating factor of postpran­
diul protein retention. AmeriCtlIl J(mrna{ of Physiology. Endocrinology and Me/(lbo­
lism. 280. E34Q-E348.

Dangin. M.. Boirie. Y. Guillet. C. & Beaufrere, B. (2002), Influence of the protein diges­
tion rme on protein turnover in young and elderly subjects. The Journal of NutritIon.
/32. 3228S-323]S.

Fouillet, H., Gaudichon, C.. Murioui. F.. Bos. C. Huneau. J.E. & Tome. D. (2001). Energy
nutrients modulate the splanchnic sequestr:ltion of dietary nitrogen in humans: A
compartmental analysis. American Journal of Physiology. Endocrinology and Metab­
olism. 281, E248-E260.

Gaudichon. C. Mahe. S.. Benamouzig. R.. Luengo. C. Fouillet. H.. Dare. S.. et aI. (1999).
Net postprandial utilization of [15N]-labeled milk protein nitrogen is influenced by
diet composition in humans. The Journal ofNwrition. /29. 890-895.

Ivy. J.L.. Katz, A.L.. Cutler. CL., Sherman. W.M .. & Coyle. E.F. (1988). Muscle glycogen
synthesis after exercise: Effect of time of carbohydrate ingestion. Journal ofApplied
Physiology, 64. 1480--1485.

Lacroix. M.. Bos. C. Leoni!. J.. Airinei, G.. Luengo. C, Dare. S., et al. (2006). Compared
with casein or total milk protein. digestion of milk soluble proteins is too rapid to
sustain the anabolic postprandial amino acid requirement. The American Journal of
Clinical Nutririon. 84, 1070--1079.

MariottL F.. Mahe. S.. Luengo. C. Benamouzig. R.. & Tome. D. (2000). Postprandial mod­
ulation of dietary and whole-body nitrogcn utilization by carbohydrates in humans,
The Americlln Journal ofClinical NlIIrition. 72, 954-962.

Matthews. J.N .. Altman. D.G.. Campbell. M,J.. & Royston. P. (1990). Analysis of serial
measurements in medical research. 8MJ (Clinical Researdl Ed, J. 300. 2]0-235.

Nilsson. M.. Holst. JJ .. & Bjorck. I.M. (2007). Metabolic effects of amino acid mixtures
and whey protcin in healthy subjects: Studies using glucose-equivalent drinks. The
American J(lIlmal of Clinical Nutritioll, 85, 996--1 CX)4.

Nilsson. M.• Stenberg, M.. Frid. A.H.. Holst, U .. & Bjorck. I.M. (2CX)4), Glycemia and
insulinemia in healthy subjects after lacto~e-l,:quivali.:nl mcals of milk and other food
proteins: The role of plasma amino acids and incrctins, The American Journal ofClin­
ical NurriliO/l. 80. 1246--125].

Pruessner, J.C.. Kirschbaum. C. Meinlschmid, G., & Hellhammer, D.H. (2003). Two for­
mulas for computation of the area under the curve represent measures of total hor­
mone concentration versus time-dependent change. Psyclroneuroemlocrillolugy, 28.
916--931.

Rennie. MJ .. & TIpton. K,D. (2000). Protein and amino acid metabolism during and after
exercise and the effects of nutrition. Anllual Review ofNlI/rilion. 20. 457---483,

Silk. D.B .. Chung. YC. Berger. K.L.. Conley. K.. Seigler. M.. Sleisenger. M.H .. el al.
(1979). Comparison of oral feeding of peptide and amino acid meals to normal human
subjects. Gill. 20. 291-299.

Terrlink. T.. V;llI Leeuwen. P.A .. & Houdijk. A. (1994). Plasma amino acids determined by
liquid chromatography within 17 minutes, Clinical Chemistry. 40. 245-249.

Tipton. K.D.. Elliot!. TA. Cree. M.G.. Wolf. S.E.. Sanford. A.P., & Wolfe. R.R. (2CX)4).
Ingestion of casein and whey proteins results in muscle anabolism after resistance
exercise. Medicine (lild Sciellce in Sports and Exerciu. 36. 207]-2081.

Tipton. K.D,. & Wolfe. R.R. (1998), Exercise-induced changes in protein metabolism. ACla
Physiologica Scal/dint/vica. 162.377-387.

van Loon. LJ .. Saris. W.H .. Verhagen. H" & Wagenmakers. AJ. (2000). Plasma insulin
responses after ingestion of different amino acid or protein mixtures with carbohy­
drate. The American Journal ofClinical Nwritioll, 72, 96--105.


